The mutation of a nuclear gene in peanut (Arachis hypogaea L.) plants results in a reduced light-dependent development of chloroplast fine structure, soluble protein, ribulose-1, 5-diP carboxylase, NADP-glyceraldehyde-3-P dehydrogenase, fructose-1 ,6-diP aldolase, glycerate-3-P kinase, phosphoenolpyruvate carboxylase, malate dehydrogenase, and dark respiration during the 72-hour lag period of chlorophyll synthesis in dark-grown leaves exposed to continuous light. The mutation has pleiotropic affects. Kinetic analysis shows there is also a 72-hour lag period in the light-dependent development of NADP-glyceraldehyde-3-P dehydrogenase and fructose-1,6-diP aldolase in the mutant leaves, whereas there is no lag in the development of NAD-malate dehydrogenase and dark respiration. (11, 13, 17) . In this paper, we describe the conditions for eliminating the mutationally induced lag period in chloroplast development in peanut leaves. A dark period, equal in length to the lag period, prior to exposing the darkgrown leaves to continuous illumination, leads to potentiation.
leaves exposed to continuous light. The mutation has pleiotropic affects. Kinetic analysis shows there is also a 72-hour lag period in the light-dependent development of NADP-glyceraldehyde-3-P dehydrogenase and fructose-1,6-diP aldolase in the mutant leaves, whereas there is no lag in the development of NAD-malate dehydrogenase and dark respiration. There is minimal development of the chloroplast during the 72-hour mutationally induced lag period, but there is pronounced cytoplasmic and mitochondrial activity during this phase. There is a 24-hour lag period in the light-dependent enlargement of the mutant leaves. At the completion of leaf enlargement, chloroplast differentiation is initiated. The mutation does not result in any chloroplast deletions, it only affects the timing of the synthesis of these components.
Elimination of the lag period in leaf enlargement and chloroplast development (potentiation) requires a preliminary 72-to 96-hour dark period before exposing the dark-grown leaves to continuous light. There is extensive development of the etioplasts during this dark period. These results establish that the nuclear gene mutation affects the early stages of plastid development and not the light-dependent synthesis of plastid components. The nuclear gene may code for the regulation of the synthesis of a component (nutrient) in the dark (or during the lag phase in the light) which is essential for the development of mesophyll cells and plastids. Although, the chloroplast is a semiautonomous organelie, nuclear gene control of chloroplast differentiation may not be independent of cellular growth.
The lag period in Chl synthesis in higher plants can be abolished by a brief preillumination with red light followed by a dark period before exposing the dark-grown material to continuous light (15, 16 (11, 13, 17 Figure 3 . The development of this enzyme activity is rapid in the green leaves and reaches a plateau in 24 hr in the light. In the mutant leaves the development of this activity is slower than in the normal leaves but proceeds without any lag period. After 72 hr the level of malate dehydrogenase activity is the same in the two types of leaves. The development of dark respiration in these leaves is similar to the development of malate dehydrogenase (Fig. 4) . Dark respiration in the wild type leaves is maximal following 48 hr of exposure of the seedlings to continuous illumination. In the mutant leaves the rate of development of dark respiration is slower than the wild type leaves but proceeds with no appreciable lag period.
The light-dependent development of the mutant and wild type leaves is shown in Figure 5 . The wild type leaves are fully expanded in 72 hr. There is a 24-hr lag period in the lightdependent leaf expansion in the mutant leaves and leaf expansion is complete after 72 to 96 hr in the light.
The lag period in the development of some of the enzymes of the reductive pentose phosphate pathway is similar to the lag period in Chl synthesis in these mutant leaves (2). Many workers (8, 9, 15, 16) have shown that the lag period in Chl synthesis can be abolished by exposing the dark-grown material to a brief illumination followed by a dark period before placing the leaves or cells in continuous illumination. The results in Figure 6 show the rate of Chl synthesis in the mutant peanut leaves which had been exposed to a 2-hr preillumination period followed by a 70-hr dark period before placing the leaves in continuous light. In contrast to the lag in Chl, synthesis in mutant leaves not given any pretreatment (non- potentiated) before exposing the leaves to light, the potentiated leaves show only a slight or negligible lag period in Chl synthesis.
The results in Table I show the effect of varying the light or dark period on the degree of potentiation for Chl synthesis in the mutant leaves. Varying the preillumination period from 0 to 2 hr (with a 72-hr intervening dark period) has no effect on the amount of Chl synthesized in the following light period. Varying the dark period from 0 to 96 hr (with no preillumination period) leads to a linear increase in Chl synthesis when these leaves are exposed to light. To establish potentiation for Chl synthesis in the light, no preillumination period is required, but a 72 to 96 hr dark period is necessary. The amount of Chl, fructose-i1, 6-diP aldolase activity, and NADP-glycer- In the potentiated plants, the 6-day-old dark-grown mutant peanut seedlings were exposed to 2 hr of 200 ft-c of white light followed by a 70-hr dark period before exposure to continuous illumination. In the nonpotentiated plants the 6-day-old dark-grown mutant seedlings were directly exposed to continuous illumination without a preillumination and intervening dark period. also abolish the 24-hr lag period in the light-dependent leaf enlargement in the mutant leaves. The development of etioplasts in the nonpotentiated and potentiated mutant leaves is shown in Figures 10 and 11 . The most pronounced difference in the nonpotentiated and potentiated mesophyll cells is the extensive development of the crystalline center in the plastids of the potentiated cells. There is the development of isolated lamellae in the chloroplasts of the nonpotentiated cells, but no development of a crystalline center. There does not seem to be any discernible difference in the mitochondria or other cytoplasmic inclusions in the nonpotentiated and potentiated mesophyll cells.
DISCUSSION
The mutation of a nuclear gene in peanut seedlings leads to a reduction in the light-induced development of chloroplast fine structure, soluble protein, ribulose-l ,5-diP carboxylase, NADP-glyceraldehyde-3-P dehydrogenase, fructose-1 ,6-diP aldolase, glycerate-3-P kinase, phosphoenolpyruvate carboxylase, and malate dehydrogenase in the primary leaves during the lag phase of Chl synthesis (2) . Clearly, the mutation of this gene has pleiotropic affects. The mutation induces a lag period in Chl synthesis in the light, possibly by nuclear gene regulation of cytoplasmic events during this period (2) . A kinetic analysis of the development of chloroplast and nonchloroplast components in greening mutant and wild type leaves should give insight as to the nature of the mutation.
The light-induced developmental kinetics of fructose-1 , 6-diP aldolase and NADP-glyceraldehyde-3-P dehydrogenase activities is similar to the development of Chl in the mutant leaves. The development of all of these components in the light show a 72-hr lag period followed by a period of rapid synthesis. These results suggest that the mutation affects the Fig. 7. rate of chloroplast development and not just Chl synthesis. The development of enzymes of the reductive pentose phosphate cycle is different from the light-induced development of malate dehydrogenase and dark respiration in the mutant leaves. These latter components are reduced in the mutant leaves compared to the wild type leaves, but there is no lag period in their development. There is only a minimal development of the chloroplast during the lag phase; whereas there are high cytoplasmic and mitochondrial activities during this phase. Further, TIME, hours Fio. 9. Development of NADP-glyceraldehyde-3-P dehydrogenase in potentiated mutant leaves. The potentiated conditions are identical to those described in Fig. 7 . the mutation of the nuclear gene in peanuts, like the nuclear gene mutation in cotton (3, 4) , affects only the rate of synthesis or timing, of most of these components. The mutation does not result in any deletion of chloroplast components which is characteristic of many nuclear mutants (5, 6, 10, 12) . It has not been established how the nuclear gene mutation in these virescent plants affects the timing of these cytoplasmic and chloroplast components. BENEDICT, KETRING, AND TOMAS
Since it was known that preillumination followed by a dark period establishes chloroplast potentiation in higher plants (15, 16) and Euglena gracilis (9), it was established that similar conditions over-ride the mutationally induced lag period in chloroplast development in peanuts. In these mutant leaves, the conditions for establishing potentiation do not require a preillumination period with red light and as such does not involve phytochrome. Potentiation in peanuts does not require a triggering of new synthesis; it requires only an extended dark period which must be equal to the lag period in chloroplast development in the light. The fact that the dark period equals the lag period probably means this is the amount of time necessary to synthesize components required for the rapid synthesis of the chloroplast in the light. These kinetic results together with the electron photomicrographs of nonpotentiated and potentiated cells establish that the nuclear gene mutation affects the early stages of plastid development and not the lightinduced or light-dependent synthesis of chloroplast components.
Holowinsky et al. (7) and Smillie and Scott (14) have discussed chloroplast development in relation to cell differentiation in leaves. In an integrated developmental system, such as a leaf, light-dependent chloroplast development may not occur at a maximum rate until the mesophyll cells have reached a certain stage of development. An integrated timing system to control chloroplast development seems to be present in the peanut leaves. In the mutant leaves, the light-dependent development of chloroplasts exhibit a 72-hr lag period; whereas light-dependent leaf enlargement exhibits only a 24-hr lag period. However, chloroplast development is not initiated until the time leaf enlargement is complete. The mutation may result in a slowing of the synthesis of a component necessary for leaf development which ultimately delays chloroplast development in this coordinated system. The nuclear gene product controls the differentiation of leaf cells and plastids.
In agreement with Holowinsky and Schiff's (9) explanation of potentiation in Euglena gracilis, we conclude that the nuclear gene in peanut codes for the regulation of the synthesis of a component (nutrient, metabolite) in the cytoplasm in the dark (or during the lag period in the light in the absence of potentiation) which is required for the development of the mesophyll cell and the chloroplast. And, although the chloroplast is a semiautonomous organelle, nuclear gene control of chloroplast differentiation may not be independent of cellular growth.
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